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1 Introduction 

Hydroxyapatite is the main inorganic constituents of 
bone and teeth [1]. Hydroxyapatite is commonly referred 
to as HAP. Synthetic hydroxyapatite (HAP), 
(Ca10(PO4)6(OH)2) is commonly used in orthopaedic appli-
cations due to its very high biocompatibility, bioactivity, 
and osteoconductive properties and it favours the for-
mation of new bone growth in osteoblastic cells [2-3]. Spe-
cifically, in orthopaedic applications, hydroxyapatite is 
used in a fabricated and sterilized form to improve the bi-
oactive properties the importance of HAP has led to exten-
sive research in numerous areas ranging from the physico-
chemical mechanisms of the formation to its applicability 
as a biomedical or industrial material [4-7]. In particular, 
the biocompatibility and osteoconductive properties of 
HAP have made it useful as implant material. New devel-
opments on the production of nano-sized HAP particles 
have led to many new applications. For example, nano-

sized HAP particles can retard the multiplication of cancer 
cells and be used as an efficient drug delivery agent [8-9]. 
In orthopaedic applications, hydroxyapatite is used in a 
fabricated and sterilized form to improve the bioactive 
properties. The structural and morphological properties 
depends on temperature, time and ratio of calcium phos-
phate solutions. There are a number of significant ad-
vantages by using synthetic HAP in hard tissue industrial 
applications due to its good biocompatibility and bioactive 
properties with respect to bone cells and other body tis-
sues, a slow biodegradability in situ and it also offers good 
osteoconductivity and osteoinductivity capabilities [10 - 
12]. The various techniques used for the preparation of 
nano-hydroxyapatite  includes, combustion synthesis[13], 
hydrothermal synthesis [14], mechanochemical synthesis 
[15-16], sol-gel [17], precipitation [18,19], and various wet 
chemistry techniques [20-21].  Now it has been reported 
that the surfactant assisted synthesis of hydroxyapatite us-
ing sonochemical method is the most promising method 
for the preparation of hydroxyapatite by novel morpholo-
gies and properties. It depends on the reaction stimulated 
by powerful ultrasound radiation leads to the creation of 
acoustic cavitation, continuous formation, growth and im-
plosive collapse of the bubbles in a liquid [22-24]. It also 
stimulates the reaction between calcium and phosphate 
precursors accelerate the reaction rate in a significant 
manner [25-26]. Triton X 100 is a soluble and biodegrada-
ble nonionic surfactant. Triton X 100 increases the surface 
area of the hydroxyapatite by decreasing the size of the 
chief particles and by avoiding the agglomeration [27]. 

 
2 Experimental 
Materials 
  Calcium nitrate tetrahydrate, Triton X 100 were pur-
chased from Merck and Diammonium hydrogen phosphate 
were purchased from Sigma Aldrich. 
Methods 
Synthesis of HAP  
  The procedure for synthesis of  HAP using ultrasound 
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method as  given below, Firstly, Ca(NO3)2.4H2O is dis-
solved in 20ml of double distilled water in a beaker and 
(NH4)2HPO4 salt is dissolved in another beaker in 20 ml of 
double distilled water. Then 20ml of (NH4)2HPO4 solution 
is added dropwise into the Ca(NO3)2.4H2O solution. The 
reactant mixture is stirred well for an hour. During stirring 
pH of 10 was  maintained using NH3 solution. The mixture 
was stirred for 2 hours and ultrasonicated for 40 minutes 
at 70°C. The sonicated reactant suspension was aged for 
one day. The obtained suspensions was filtered and 
washed several times with distilled water and ethanol to 
remove the impurities. The resultant powders are dried at 
80°C for 6 hours in an oven. Then, finally the HAP powder 
was calcined for 3 hours at 750℃ in muffle furnace. In a 
similar way, an experiment was conducted using Triton X 
100(0.1g and 0.3 g) as a surfactant respectively. 
 
3 Results and Discussion 
3.1 FTIR studies 

FT-IR spectrum of the HAP synthesized by ultrasound 
method in shown fig 1(a-c). The spectrum shows all the 
characteristic peaks pertaining to the formation of HAP 
powders. The peak found at 3575 cm-1 indicates the 
stretching vibration of hydroxyl group [28]. In addition, 
the broad band centered approximately at 3400 cm-1 show 
the presence of adsorbed water. The strong absorption 
band appears at the range from 1055 cm−1 are attributed 
to asymmetric stretching mode of phosphate groups re-
spectively. The peak at 600-574cm−1 are assigned to be an 
asymmetric bending mode of phosphate groups [29-30]. 
The absorption bands exhibits at around 959 cm−1 corre-
sponds to symmetric stretching mode of phosphate 
groups. The peak at 470 cm-1 is attributed to υ2 mode of 
phosphate group.  

 

   
          

Figure 1. FTIR spectrum of (a) HAP (b) 0.1g Triton X 100  
(c) 0.3g Triton X 100 

 
 All characteristic peaks of hydroxyl group and phos-
phate group for hydroxyapatite are present in FTIR spec-
trum. Hence it could be ascertained that the HAP sample 
obtained is pure. For the samples obtained with the addi-
tion of the surfactant (Fig. 1 (b & c), it could be observed 

that all the peaks corresponding to HAP was observed and 
no impurity peaks were detected in the spectrum which 
indicates that all the samples obtained were pure. 
 
3.2 XRD studies  

              
Figure 2.  XRD spectrum of (a) HAP, (b) 0.1g Triton X 100 

(c) 0.3g Triton X 100  
  
 Figure.2(a-c) indicates the XRD patterns for the HAP 
and surfactant assisted HAP in an ultrasound  method. It is 
found that the XRD patterns of the HAP sample are in good 
agreement with standard value of JCPDS data base (09-
0432) for HAP which indicated that the crystal structure of 
HAP sample is similar to the pure hydroxyapatite. The pu-
rity of powder is ascertained by adopting adequate sinter-
ing procedure for the sample whereby the phase purity of 
HAP powder is achieved. The grain size decreases by add-
ing triton X 100 as an additive due to the reason that, in-
crease in concentration of the surfactant, decrease in par-
ticle size decreases which is evident from table 1.  

Table 1 Grain size for HAP and Triton X 100 assisted 
HAP, calculated using Scherrer equation 

3.3 Scanning Electron Microscopic studies 

 

 

 

 

 
Figure 3. SEM micrographs of, (a) HAP, (b) Triton X 100 

assisted HAP 

In Fig (a), SEM image of hydroxyapatite composite 
shows an uniform spherical like  morphology in the range 

Sample code 2θ(degrees) FWHM Grain size(nm) 

(a) 31.74 0.23 36 

(b) 31.73 0.30 28 

(c) 31.72 0.32 26 

(a) (b) 
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of 200nm. In fig (b) It has been observed that, the spheri-
cal shaped HAP converted into plate like morphology con-
sist of fine clusters and the average particle size is around 
200 nm. This suggests that the presence of Triton X 100 
have the great influence on the morphology of the product 
due to interaction between surfactant and the calcium ions 
in the solution and on the surface of calcium phosphate 
particles. 

 
4 Conclusions 
  The surfactant reinforced hydroxyapatite composite 
was successfully prepared by using ultrasound agitation 
method. In this work calcium nitrate tetra hydrate, diam-
monium dihydrogen phosphate is used as precursor mate-
rials and Triton X 100 as a surfactant. The incorporation of 
sonication process for preparing surfactant assisted hy-
droxyapatite composite with different concentrations are 
believed to change the morphological characteristics of 
hydroxyapatite composite with high purity and crystallini-
ty were prepared by this method.   It is also evident that, 
the particle size decreases by adding Triton X 100 to the 
HAP synthesis. Calcination was performed for this samples 
inorder to achieve good densification of samples The ob-
tained product shows surfactant assisted hydroxyapatite 
with high purity and uniform size distributions. 
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